Introduction. Hydrogel membrane wound coverings are know to possess the following advantages: transparency, tight contact with the wound, high sorption capacity to wound exudation, aeration and migration of metabolic products, atraumatic use and safe removal from surface of the body [1] . Nowadays, hydrogel membranes for cultivation of autologous and allogenic cells are being developed.
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Most commonly, differentiated skin cells, fibroblasts, and keratinocytes are used for medical purposes [1] [2] [3] [4] . However, sometimes hydrogel membranes are considered to be of little effect due to low mechanical rigidity, inclination to extinction, and low sorption capacity.
The use of mesenchymal stem cells (MSC) as a cell component of hydrogel membranes in development of artificial skin equivalents is viewed as perspective direction due to the fact that in certain microenvironment, these cells are capable of differentiating into different types of cells, including such as epithelial, tissue connective, muscular cells etc [5] . Earlier, using the method of radical copolymerization, we synthesized a series of hydrogel membranes on the basis of acrylamide, acrylonitrile, acrylic acid, which are applicable for MSC cultivation [6] . Performed comparative analysis allowed determining that non-ionogenic copolymeric hydrogels based on acrylamide and acrylonitrile acquired the optimal parameters for immobilization of human MSC. It was shown that the use of hydrogels with significant acrylic acid content is restricted due to considerable decrease in pH of nutrition medium, which is incompatible with vital activity of the cells.
The obtained data confirmed that the developed hydrogel involving MSC and/or differentiated skin cells is potentially applicable as effective temporal skin equivalent in treatment of burns (especially, massive burns with affection area of more than 70% and deep burns, involving hypodermic tissues), as well other damages of cutaneous covering. Therefore, we proceeded with the experiments on optimization of hydrogel parameters, important for their characterizing as biocompatible non-degenerative wound coverings. This paper presents the data on attempts to determine the technological conditions, necessary for more effective and long-lasting cultivation of cells on the surface of hydrogel membranes.
Materials and Methods. Synthesis of copolymeric gels. Copolymeric gels on the basis of acrylic monomers were synthesised by the method of radical copolymerisation of acrylamide and acrylonitrile in water environment at room temperature. N,N'-methylene-bis-acrylamide was used as binding agent;
gel-formation was initiated by oxidation-reduction system of potassium persulfate-sodium metabisulfite. Concentration of binding agent was wide-range modified during the synthesis of hydrogels. The samples with 0.188, 0.375, 0.654, and 0.750% of N,N'-methylene-bis-acrylamide were investigated.
A series of hydrogel membranes with highly dispersed silica "Sylics" ("Biopharma" Ltd., Ukraine) were synthesised as well. For this purpose the hydrogel, containing 37.5% of acrylonitrile and 62.5% of acrylamide at binding agent concentration of 0.654%, was added 0.25, 0.5, 0.75, 1.0, and 1.25 % of FSP.
Mechanical properties of hydrogel membranes.
Mechanical properties of evenly swollen copolymeric hydrogel membranes were determined using the modified Veiler-Rebinder apparatus. Sample hydrogel membranes of plate shape, thickness (mm) -0.3, width -10, length -20, were used for obtaining measurements. High accuracy geometric parameters were determined in each particular case using a ruler and micrometer. To obtain mean mechanical values of the procedure, 10 samples of each gel membrane were tested. Evenly swollen sample hydrogel membranes were fastened to the dynamometer spring using special soft fasteners. The possibility of evaporation and geometric parameters change was excluded due the sample being in cuvette with water throughout the experiment. Tension ratio of the sample was 1.53C10 -3 m/sec. Tensile strength and relative extension for hydrogels under investigation were calculated according to the formulae given below
), where: F -load, S -sample section square, a, b -width and thickness of the sample.
Relative extension of hydrogel samples was calculated according to the following formula:
where: l 0 -initial length of the sample; l -sample length at the moment of break.
Optical properties of hydrogel membranes. Light refractive index of different composition copolymer hydrogel membranes was investigated using IRF-454 BM refractometer. Hydrogel samples 1 mm thick were placed between refractometer prisms. All measurements were made at room temperature. Mean value was calculated on the basis of three successive measurements.
Wetting of hydrogel membranes. The values of contact angles of wetting of hydrogel membranes were obtained by projection of the drop on the surface to the display and calculating the angle according to the correlation between the height of the circle segment and the chord length (method of B. D. Summ and Yu. V. Goryunov, unpublished data).
Sorption properties of hydrogel membranes.
To study the swelling of the samples they were emerged into distilled water and cultural medium DMEM solution with 5% solution of new born calf serum. After set time intervals, the samples were taken out, moisture surplus was removed from the surface using filtering paper, and then weighed using VLA-200-M scales. The amount of moisture absorbed by gel (g/g) was calculated using the following formula Biocompatibility of hydrogel membranes. MSC of 4BL2 line were cultivated in standard DMEM medium ("Sigma", USA) adding 5% solution of new born calf serum ("Sigma") and antibiotics -penicillin and streptomycin, 100 units per ml, at 37°C at the thermostating conditions. For typical passaging the cells were cultivated with monolayer formation on the surface of glass bottle or Petri dishes ("Anumbra", Czech Republic, d = 35 mm). To test hydrogel membranes for biocompatibility, sterile dried membrane samples were placed into Petri dishes, pored over with standard cultural medium for at least 5-6 hours for swelling. Then, after removing surplus cultural medium, cell suspension (10 5 of cells in 2 ml of cultural medium) was applied onto adapted membranes. The method of biocompatibility testing for different types of hydrogels has been earlier described in [6] . The cell cultures were observed under inverted microscope and the immobilizing capability of MSC on the hydrogel membranes, adhesive characteristics, possibility of growing and multiplying, and their morphology were investigated. Glass Petri dish surface was selected to be the control.
Results and Discussion. A significant number of copolymeric hydrogels (from homopolyacrylamide hydrogels to hydrogels with equivalent correlation of acrylamide-acrylonitrile links) have been synthesised. Further increase in acrylonitrile concentration turned out to be impossible due to limited dissolubility in water.
The research showed that variation in monomer correlation influences significantly physical-chemical properties of hydrogels. Thus, Fig.1 (curve 1) shows that in accordance with substitution of hydrophilic acrylamide links for hydrophobic acrylonitrile ones, equilibrium water content, which these links may hold, decreases. Similarly, concentration of binding agent influences the level of equilibrium water content in hydrogels. Whereas, solid phase content, responsible for physical-mechanic properties, increases (Fig.1,  curve 2) . At the same time, tensile strength and elasticity are correlated with the increase of cross-linked polymer content in hydrogel, and, therefore, with the increase in the share of polymer links, which bare mechanical loading (Fig.2) . Two more parameters are influenced by the increase in hydrophobicity of hydrogels -index of refraction increases and cos Q (end contact angles of wetting) decreases (Fig.3) . These parameters may be used for express-evaluation of hydrophilic-hydrophobic balance of copolymeric hydrogels, as the investigation performed showed that moderately hydrophilic and at the same time moderately hydrophobic gels acquire a complex of properties necessary for cultivation of mesenchymal cells.
Hence, Fig.4 , analysis of microphotos of cell populations on the surface of hydrogel samples depending on their chemical content, showed that monomers of the whole investigated range of concentrations are specific for binding, spreading, and multiplication of MSC. However, the formation of monolayer was observed on the surface of moderately hydrophilic and moderately hydrophobic sample only, containing 37.5% of acrylonitrile at the binding level of 0.654%.
At the same time, hydrogels with indicated copolymeric content are specific for optimal physical-chemical characteristics (Fig.2) , as hydrogels with higher acrylonitrile content are firmer, yet not transparent, which is essential for controlling the wound healing process. Therefore, further investigation on optimisation of hydrogel membranes content for immobilisation and cultivation of MSC will involve the sample containing 37.5% of acrylonitrile.
The literature data [7] indicate that highly dispersed silica is involved in adsorbing interaction with the surface of cells, moreover, this interaction is conditioned, first of all, by electrostatic forces, occurring between negatively charged silica particles and quaternized ammonium groups of membrane phospholipids. Further contacts between cells and highly dispersed silica may be strengthened by means of hydrogen and Van der Waals interactions. At the same time highly dispersed silica may lead to denaturation of membrane proteins [8] .
Considering these facts, it was logical to investigate silica influence on MSC cultivation.
The latter influence was shown to be of clear-cut concentration dependent character. The introduction of 0.25% FSP results in almost 5-fold increase in population of viable cells (comparing to control), further increase in concentrations (0.5 and 0.75%) resulted in insignificant increase in MSC population, and silica concentration, higher than 1%, results in cells death.
Therefore, it is possible to conclude that at the condition of minimal silica content in hydrogels, adsorption interactions will prevail, promoting interaction of cells with hydrogel surface and nutrition medium, whereas high silica concentrations will cause the destruction of cell membranes. Intermediate silica concentrations in hydrogel carriers are notable for their competitive influence of both mentioned processes.
Conclusions. Therefore, current work presents the optimized parameters of hydrogel membranes, which are important for their characterization as potential biocompatible non-degradable wound coverings.
Moderately hydrophobic and at the same time moderately hydrophilic membranes, obtained by copolymerisation of acrylamide and acrylonitrile monomers, were confirmed to be MSC biocompatible.
It was demonstrated that minimal concentrations of highly dispersed silica promote multiplication of mesenchymal stem cells.
Necessary technological conditions for effective and long-lasting cultivation of cells on the surface of hydrogel membranes with modified exploitation properties were determined. 
